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We describe a patient with postoperative sepsis associated with reduced ability to transport amino acids into erythrocytes.
Administration of amino acid infusion showed no effect on plasma or red blood cell concentrations of the amino acids during the sepsis period. However, when the site of sepsis was removed, patient recovery was associated with marked increases of all amino acids, particularly in the red blood cells. The case illustrates the potential of red blood cells as a marker of amino acid utilization and demonstrates the association of sepsis with effects on cellular uptake. sis developed 2-3 days later. The patient also experienced intraabdominal bleeding episodes that, with the sepsis, necessitated 11 laparotomies over the next 10 weeks (hospital days 1 to 67). During the bleeding and septic episodes, body temperature rose to 40#{176}C with a concomitant increase in the leukocyte count. Total blood losses during the 4 weeks between hospital days 5 and 45 amounted to 5 L. The site of hemorrhagic necrosis was eventually found near the tail of the pancreas and was successfully removed on day 46. The sepsis subsequently abated and the patient improved dramatically.
He was discharged after a 3-week recovery period on hospital day 67.
Ventilatory support was required around the times of the laparotomies, but cardiovascular, renal, and hepatic function remained normal throughout (although dopamine was administered to maintain good renal perfusion). The patient experienced typical postoperative septic complications with catabolic loss of skinfold thickness and signs of muscle wasting in spite of constant total parenteral nutrition.
Materials and Methods
Amino acid analysis was carried out with the Chromaspek amino acid analyzer (Hilger Analytical, Margate, UK) (5). Aliquots (0.5 mL) of plasma or packed erythrocytes were deproteiized with 1.0 mL of 30 g/L sulfosalicylic acid, and the internal standard DL-norleucine (final concentration 250 moWL) was added. To obtain the packed cells, we centrifuged the whole blood at 1500g for 10 min, removed the plasma, and washed the cells once with an equal volume of isotonic saline (9 g/L NaC1). The washed packed cells (packed cell volume -95%) were stored at -20#{176}C to assist in hemolysis before amino acid analysis. Amino acid concentrations are expressed in moI/L of plasma and in mol/L of packed red blood cells and are reported as the ratio of cells:plasma. Prealbumin (transthyretin) was measured by nephelometry with a Hyland Laser Nephelometer (Travenol, Norwich, UK).
Amino acid infusion was done with preparations of either 12 or 18 g/L utilizable nitrogen (Geistlich Sons, Chester, UK).
Results and Discussion
The amino acid profiles observed during the periods of postsurgical complications and eventual recovery are shown in Tables 1 and 2 , : respectively increased or decreased relativeto normal range.
-: not measured. quoted reference ranges for fasting healthy individuals but were similar to those reported in septic patients (6) . However, these plasma concentrations tended to normalize during the recovery phase, although plasma glutamine remained consistently less than that ob- served in healthy individuals. The concentration ratios in erythrocytes were lower than in normal subjects, suggesting that during sepsis the infused amino acids
were not so easily taken up by cells but rather were probably redistributed into extracellular space (6). After sepsis was resolved, the red blood cells indicated a marked increase in amino acid content, even though the same total parenteral nutrition preparation had been administered throughout. The concomitant plasma amino acid changes were not as marked until the last measurement, made a few days before discharge, when most amino acid concentrations were increased. Hematocrit and the concentrations of prealbumin and hemoglobin remained relatively constant throughout.
Amino acid uptake into cells appeared to be dependent on the patient's metabolic state. Recent studies suggest this may be a general response to trauma; e.g., amino acid uptake into muscle cells was markedly reduced after major burn injury (7) . However, the extent or nature of the injury may also be relevant; i.e., we have observed no effect on uptake by erythrocytes after uncomplicated gastric resection for duodenal ulcer (5) . Circulating endotoxin could also affect membrane permeability; however, preliminary in vitro observations at toxin concentrations 100-fold greater than those associated with sepsis (8) showed no effect on amino acid transport by erythrocytes.
In conclusion, maximum utilization of amino acids during parenteral feeding may be best achieved during periods of recovery and not when the deranged metabolic state of a patient might indicate the opposite.
However, if the factors that affect cellular uptake are better understood, then improving metabolic/cellular utilization during a posttraumatic period may concomitantly improve the patient's recovery.
